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METHODS OF REDUCING METAL RESIDUE
IN EDGE BEAD REGION FROM

METAL-CONTAINING RESISTS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. provisional patent

applications 62/374,582 filed Aug. 12, 2016 to Clark et al.,
entitled “Bead Washing for Metal Oxide Based Resists,” and
62/430,722 filed Dec. 6, 2016 to Cardineau et al., entitled
“Method of Reducing Metal Residue in Edge Bead Region
from Metal Containing Resists,” both of which are incor-
porated herein by reference.

FIELD OF THE INVENTION

The mvention relates to processing to reduce metal con-
tamination along walfer edges potentially resulting from the
use of metal based patterning resists.

BACKGROUND OF THE INVENTION

The processing of semiconductor circuits and devices has
involved the continued shrinkage of critical dimensions over
cach generation. As these dimensions shrink, new materials
and methods are required to meet the demands of processing
and patterning smaller and smaller features. Patterning gen-
crally involves selective exposure of a thin layer of a
radiation sensitive material (resist) to form a pattern that 1s
then transferred into subsequent layers or functional mate-
rials. Promising new classes of metal based radiation resists
especially suitable for providing good absorption of extreme
UV light and electron beam radiation, while simultaneously
providing very high etch contrast have been discovered. To
provide for commercialization of these new classes of
resists, consideration of the process integration for the
achievement of desired final products can be a significant
step.

SUMMARY OF THE INVENTION

In a first aspect, the invention pertains to a method for
removing edge bead on a waler associated with a resist
coating comprising a resist composition comprising metal,
in which the method comprises the step of applying a first
bead edge rinse solution along a water edge following spin
coating of the wafter with the resist composition. In some
embodiments, the edge bead solution comprises an organic
solvent and an additive comprising a carboxylic acid, an
inorganic fluorinated acid, a tetraalkylammonium com-
pound, or a mixture thereof.

In a further aspect, the invention pertains to a method for
preparing a water for radiation based patterning, in which
the method comprises applying a protective composition to
the watfer; spin coating a resist composition comprising
metal after applying the protective composition; and per-
forming edge bead rinse after spin coating the resist com-
position through application of an edge bead rinse solution
along the edge of the water.

In other aspects, the mvention pertains to an apparatus
comprising a spindle comprising a waler support, a dis-
penser with a nozzle configured to deposit fluid along an
edge of a waler mounted on the spindle, and a reservoir of
fluid configured to deliver the fluid to the nozzle for dis-
pensing. Generally, the spindle 1s operably connected to a
motor configured to rotate the spindle. In some embodi-
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2

ments, the fluid comprises an organic solvent with an
additive comprising a surface modification agent, an acidic
compound, a tetraalkylammonium compound, or mixtures
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s schematic perspective view of an edge bead
rinse apparatus shown with a water positions for processing
to perform an edge bead rinse.

FIG. 2 1s a schematic diagram depositing steps to prepare
a waler with a resist layer following an edge bead rinse with
two processing steps shown.

FIG. 3 1s a photograph of a microscope 1image depicting,
a waler edge following an edge bead rinse.

FIG. 4 1s s schematic diagram depicting steps used to form
a sacrificial layer over a substrate that 1s then used to
facilitate edge bead removal 1n a rinse step, in which nsert
A shows a top view of the final rnnsed wafer.

FIG. 5 1s a schematic diagram depicting steps used to
form a sacrificial edge coating or sacrificial ring over a
substrate that facilitates edge bead removal, in which sert
A 1s a top view ol the waler with the sacrificial ring and
isert B depicts the final bead edge rinsed structure.

FIG. 6 1s a schematic diagram depicting processing with

an anti-adhesion edge coating to provide for substantial
avoildance of resist deposition along the edge and with a
bead edge rinse to further reduce any residual metal con-
tamination along the edge following processing, in which
isert A depicts a top view of the waler with the anti-
adhesion edge coating, insert B depicts a top view of the
structure following resist deposition, and msert C 1s a top
view of the structure following an edge bead rinse.

DETAILED DESCRIPTION

Edge bead removal processes have been developed to
more eflectively remove metal and organometallic based
resist materials and residues. Substrate edge resist build up
can be removed prior to patterning a substrate with radiation
to reduce contamination of process equipment with resist
matenal. Edge bead removal solutions designed for tradi-
tional organic photoresists may not be sufliciently effective
with the removal of metal containing resists. Improved edge
bead removal solutions can use a selected solvent and may
further contain an additive, such as an acid, to facilitate the
removal of resist build up. In additional or alternative
embodiments, a sacrificial layer, e.g., a polymer layer, can be
placed over the waler edge or over the entire wafer surface
to facilitate removal of resist from the bead edge. Further-
more, an anti-adhesion layer, e.g., a coating with a sufli-
ciently low critical surface tension, can be placed along the
substrate edge to reduce or eliminate initial adherence of
resist along the substrate edge. Due to the improved pat-
terning abilities of metal-based resists, especially for fine
patterning with extreme ultraviolet (EUV) light, 1t 1s advan-
tageous to provide processing approaches that allow the
cllective incorporation of metal-based resists into patterning
processes with the corresponding sophisticated equipment.
Thus, the processing and corresponding compositions
described herein provide a significant contribution to the
commercialization of metal-based resists. As used herein,
substrate and waler are used interchangeably unless stated
otherwise to refer to structures generally but necessarily
cylindrical in shape usually with a small thickness relative to
dimensions associated with a planar extent.
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New rinse solutions are identified for processing of waters
coated with metal based or metal-containing patterning
resists to aid 1n the removal of edge beads. Resist compo-
sitions comprising metal can generally be considered as
comprising more than a contaminant amount of metal, such
as at least 0.1 weight percent metal, and some metal con-
taining resist of particular interest are described further
below. For the fine patterning of semiconductors as well as
tor other radiation based lithographic processing, patterning
resists are generally spin coated onto a water to form a
relatively uniform resist layer over most of the water sur-
face. Spin coating can result 1n a bead along the watfer edge
with a buildup of resist relative to the resist layer covering,
the majority of the water, even though some of the excess
resist may spin ofl of the waler surface. It 1s generally
desirable for the edge bead to be removed to facilitate
processing of the wafer for patterning since the edge 1tself 1s
not patterned using lithography, and to reduce contamina-
tion. For the eflective removal of the edge bead for metal-
based or metal-contaiming resists, new rinse compositions
can comprise a suitable organic solvent and an additive, such
as a carboxylic acid, an inorganic fluorinated acid, a tet-
raalkylammonium fluoride with a strong acid, or a combi-
nation thereof. Edge bead removal for metal based or
metal-containing resists can also be helptul to reduce unde-
sirable residual metal following the patterning process. After
the bead edge rinse, patterning of the water generally
continues using usual steps for the patterning based on the
resist.

During photoresist processing, an edge bead removal
(EBR) rinse step generally 1s used. EBR processing typically
occurs prior to any thermal processing or baking following
deposition of the photoresist and involves rinsing the periph-
eral edge of a waler or substrate with a solvent to remove the
photoresist 1n selected regions. This EBR process serves to
reduce contamination of tools and machinery that handle or
manipulate the walers or substrates. With the use of metal-
based photoresists, reducing the residual amount of metal,
e.g., tin, 1 the EBR region 1s desirable. Standard EBR
solvents based on organic solvents designed for removing
polymer resists may not be eflective alone to a desirable
degree at reducing the residual metal, e.g., tin, concentration
on the edge region of the waler surface to desired levels.
Additionally, the methods and materials described herein
may be advantageous for processing resists containing a
wide range of diflerent metals, including Hf, Zr, In, Te, Sb,
N1, Co, Ti, W, Ta, Mo, and combinations thereot, and such
use 1s contemplated by the present disclosure.

The new class of radiation based resists can be based on
metal oxide chemistry (metal oxo/hydroxo compositions)
using radiation sensitive ligands to control stability and
processability of the resists. A first set of the new radiation
based resists use peroxo ligands as the radiation sensitive
stabilization ligands. Peroxo based metal oxo-hydroxo com-
pounds are described, for example, in U.S. Pat. No. 9,176,
377B2 to Stowers et al., entitled “Patterned Inorganic Lay-
ers, Radiation Based Patterning Compositions and
Corresponding Methods,” incorporated herein by reference.
Related resist compounds are discussed in published U.S.
patent application 2013/0224652A1 to Bass et al., entitled
“Metal Peroxo Compounds With Organic Co-ligands for
Electron Beam, Deep UV and Extreme UV Photoresist
Applications,” incorporated herein by reference. An eflec-
tive type of resists have been developed with alkyl ligands
as described 1n U.S. Pat. No. 9,310,684B2 to Meyers et al.,
entitled “Organometallic Solution Based High Resolution
Patterning Compositions,” published U.S. patent application

10

15

20

25

30

35

40

45

50

55

60

65

4

2016/0116839A1 to Meyers et al., entitled “Organometallic
Solution Based High Resolution Patterning Compositions
and Corresponding Methods,” and U.S. patent application
Ser. No. 15/291,738 entitled “Organotin Oxide Hydroxide
Patterning Compositions, Precursors, and Patterning”, all of
which are incorporated herein by reference. Tin composi-
tions are exemplified in these documents, and the data
presented herein focuses on tin-based resists, although the
Edge bead removal solutions described herein are expected
to be eflective for other metal based resists described below.

With respect to the tin based resists of particular interest,
these resists are based on the chemistry of organometallic
compositions represented by the formula R SnO,_, 5y /0)
(OH)_ where 0<z=<2 and 0<(z+x)=4, 1n which R 1s a hydro-
carbyl group with 1-31 carbon atoms. However, it has been
found that at least some of the oxo/hydroxo ligands can be
formed following deposition based on 1n situ hydrolysis
based on compositions represented by the formula R, SnX,,
where n=1 or 2, 1n which X 1s a ligand with a hydrolysable

M-X bond. In general, suitable hydrolysable ligands (X 1n
RSnX,) may include alkynides RC=C, alkoxides RO,

azides N;~, carboxylates RCOO™, halides and dialkylam-
ides. Thus, 1n some embodiments all or a portion for the
oxo-hydroxo compositions can be substituted with the
Sn—X compositions or a mixture thereof. The R—Sn bonds
generally are radiation sensitive and form the basis for the
radiation processable aspect of the resist. But some of the
R_SnO,_ 5y 2 (OH), composition can be substituted with
MO (,/2y-25(OH), where 0<z=2, 0<(z+w)=4, m=formal
valence of M™", O<l=m, y/z=(0.05 to 0.6), and M=M' or Sn,
where M' 1s a non-tin metal of groups 2-16 of the periodic
table, and R 1s hydrocarbyl groups with 1-31 carbon atoms.
Thus the resist being processed during the edge bead rinse
can comprise a selected blend of R SnO;_ /5y (/2y,(OH),,
R SnX, . and/or MO, »,.,-,(OH),, 1n which generally a
significant fraction of the composition includes alkyl-tin
bonds. Other resist compositions 1include, for example, com-
positions having metal carboxylate bonds (e.g., ligands of
acetate, propanoate, butanoate, benzoate, and/or the like),
such as dibutyltin diacetate.

While metal oxo/hydroxo or carboxylate based resists
referenced above are particularly desirable, some other high
performance resists may be suitable 1n some embodiments.
Specifically, other metal-based resists include those with
high etch selectivity to the template, fill material, and bufler
hardmask. These may include resists such as metal-oxide
nanoparticle resists (e.g., Jiang, Jing; Chakrabarty, Souvik;
Yu, Mufes; et al., “Metal Oxide Nanoparticle Photoresists
for EUV Patterming”, Journal Of Photopolymer Science And
Technology 27(5), 663-666 2014, incorporated herein by
reference), or other metal containing resists (A Platinum-
Fullerene Complex for Patterning Metal Containing Nano-
structures, D. X. Yang, A. Frommbhold, D. S. He, Z. Y. L1, R.
E. Palmer, M. A. Lebedeva, T. W. Chamberlain, A. N.
Khlobystov, A. P. G. Robinson, Proc SPIE Advanced
Lithography, 2014, incorporated herein by reference). Other
metal-based resists are described in published U.S. patent
application 2009/0155546A1 to Yamashita et al., entitled
“Film-Forming Composition, Method for Pattern Forma-
tion, and Three-Dimensional Mold,” and U.S. Pat. No.
6,566,276 to Maloney et al., enftitled “Method of Making
Electronic Materials,” both of which are incorporated herein
by reference.

In electronics processing, 1t 1s generally desirable to
mitigate trace metal contamination, so with the use of
organometallic based resists, it 1s desirable to remove tin
and/or other metal residue potentially resulting from the
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resists. The improved edge bead removal solutions generally
comprise an organic solvent and one or more additives
where the additives can improve the metal removal. Suitable
additives 1include, for example, organic acids, inorganic
fluoroacids, tetraalkylammonium halides, and mixtures
thereol. Suitable additives may also function as complexing
or chelating agents such as carboxylates, dicarboxylates,
halides, phosphates, phosphonates, sulfates, sulfonates, and
mixtures thereof. The additives may also function as sur-
factants and/or chelating agents. Thus, the conjugate anions
of the various acids listed herein can be added as chelating
agents. Also, surfactants, such as Triton™-X, a non-10nic
surfactant, can also be used as additives. The additives can
be selected to be soluble 1n the organic solvent. The solu-
tions can comprise additive from about 0.1 wt % to about 25
wt %, 1n further embodiments from about 0.2 wt % to about
20 wt % and 1n additional embodiments from about 0.25 wt
% to about 20 wt %. A person of ordinary skill in the art will
recognize that additional ranges of additive concentrations
within the explicit ranges above are contemplated and are
within the present disclosure. Suitable organic solvents
include, for example, glycol ethers and esters thereof, such
as propylene glycol methyl ether (PGME), propylene glycol
methyl ethyl ether acetate (PGMEA), propylene glycol butyl
cther (PGBE), ethylene glycol methyl ether, and/or the like;
alcohols, such as ethanol, propanol, isopropyl alcohol,
1sobutyl alcohol, hexanol, ethylene glycol, propylene glycol,
and/or the like; cyclic esters, such as gamma-butyrolactone;
esters, such as n-butyl acetate, ethyl ether acetate, or the like,
and/or mixtures thereof; ketones, such as heptanone, and/or
the like; liquid cyclic carbonates, such as propylene carbon-
ate, butylene carbonate, and/or the like; and any mixtures
thereof. A blended solvent with about 30 to about 90 wt %
PGMEA, about 1 wt % to about 20 wt % PGME, about 1 wt
% to about 10 wt % v-buryrolactone and about 1 wt % to
about 20 wt % n-butyl acetate has been proposed as a
desirable EBR solution with desirable rheology and evapo-
ration properties in U.S. Pat. No. 8,227,182 to Lee et al.,
entitled “Methods of Forming a Photosensitive Film,” incor-
porated herein by reference. Suitable organic acids include,
for example, carboxylic acids, such as acetic acid, citric
acid, oxalic acid, 2-nitrophenylacetic acid, 2-ethylhexanoic
acid, dodecanoic acid, and/or the like; sugar acids, such as
ascorbic acid, tartaric acid, glucuronic acid, and/or the like;
sulfonic acids, such as benzene sulfonic acid, p-toluenesul-
phonic acid, and/or the like; phosphate esters and phos-
phoric acids, such as bis(2-ethylhexyl) phosphoric acid;
hydrofluoric acid (HF); sulfuric acid (H,SO,); and any
mixtures thereof. Suitable 1mnorganic fluoroacids include, for
example, hexafluorosilicic acid, hexafluorophosphoric acid,
fluoroboric acid and/or the like. Suitable tetraalkylammo-
nium compounds include, for example, tetramethylammo-
nium fluoride, tetrabutylammonium fluoride, tetrabutylam-
monium fluorosilicate, and/or the like, or mixtures thereof.

Multiple rinse steps can be performed to achieve desired
levels of edge cleaning. In some embodiments, an edge rinse
can be performed once, twice, three times, four times, five
times, siX times, ten times, or more than ten times with the
same solution to achieve desired metal reduction. Further-
more, two diflerent rinse solutions can be applied during an
edge bead rinse process. Each different solution can be
selected independently from the solutions described above.
For wafers generally having diameters from about 3 inches
to about 18 1nches, during each application solution can be
delivered 1in quantities from about 0.05 mulliliter (mL) to
about 50 mL, 1n further embodiments from about 0.075 mL
to about 40 mL, and 1n other embodiments form about 0.1
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mL to about 25 mL. In some embodiments, the solution can
be spravyed at a flow rate from about 5 mL/min to about 50
ml./min, and the solution can be applied for from about 1
second to about 5 minutes and 1n further embodiments from
about 5 seconds to about 2 minutes. A person of ordinary
skill 1 the art will recognize that additional ranges of
solution application numbers and volumes within the
explicit ranges above are contemplated and are within the
present disclosure.

An apparatus to perform edge bead removal 1s shown 1n
FIG. 1. Referring to FIG. 1, a waler processing apparatus
100 comprises a spindle 102 with a hollow core 104 con-
nected to a motor to rotate the spindle and a pump config-
ured to apply negative pressure to the hollow core of the
spindle, a chuck 106 operably connected to the spindle to
rotate with the spindle, and a fluid dispenser 108 configured
to dispense fluid 110 to the edge of one or both surfaces of
a waler supported on chuck 106 and held i1n place by
negative pressure within hollow core 104. A water 112 1s
shown 1n FIG. 1 appropnately positioned in the apparatus.
Fluid dispenser 108 can comprise a nozzle or the like to
direct fluid to the water. A reservoir 114 1s operably con-
nected to tluid dispenser 108 to provide the fluid. Reservoir
can be a suitable container for holding the fluid connected
with a tubing, a hose, or the like, and gravity or a pump or
the like can be used to drive the fluid transter from reservoir
114. Negative pressure applied to hollow core 104 can be
provided by a negative pressure device 116, which can be a
pump, aspirator, blower or the like. Spindle 102 can also be
connected to a motor 118, which can have an appropnate
design and fittings, to spin spindle 102 for water processing.

A specific equipment design for edge bead processing 1s
described 1n U.S. Pat. No. 8,826,926 B2 to Chalom et al.,
entitled “Methods of Profiling Edges and Removing Edge
Beads,” incorporated herein by reference.

The edge bead rinse process i1s schematically shown 1n
FIG. 2. As shown 1n the left image, substrate 120 1s obtained
and 1s coated 122 with metal-based resist 124. Then, a bead
edge rinse step 126 1s performed to remove resist along edge
128 of substrate 120 to form edged resist layer 130. The edge
bead rinse process 1s described further above in terms of
compositions, quantities of compositions and delivery appa-
ratuses. The resulting structure 132 with edged resist layer
130 can then be used to a patterning step for substrate 120.
The coating of the water with a resist, for example, can be
performed by depositing from about 0.25 mL to about 20 mL
of resist solution onto a stationary waler 1n an appropriate
configuration, and then spinning the waler to spread the
resist, for example, from 250 rpm to 10,000 rpm for a time
from about 5 seconds (s) to about 15 minutes (mins). Spin
speed can be varied over the spin time 1f desired. A person
of ordinary skill in the art will recognize that additional
ranges ol fluid quantities, spin rates and spin times within
the explicit ranges above are contemplated and are within
the present disclosure.

To perform a rinse step, the waler generally can be spun
at a low to moderate rate during the tluid deposition and then
spun at a greater rate following fluid deposition. The edge
bead rinse solution can be applied to the edge as well as the
back of the wafer. For example, the watler can be spun during
fluid deposition at from 5 rpm to 10,000 rpm and in further
embodiments from 30 rpm to 5000 rpm. The liquid depo-
sition process can be performed from 1 second to 5 minutes
and 1n further embodiments from about 5 seconds to about
3 minutes. Following liquid deposition, the waler can be
spun at a rate of at least 500 rpm and 1n further embodiments

from 750 rpm to 6000 rpm, and the post liquid deposition
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spin can be performed for from 2 seconds to 10 minutes and
in further embodiments from 5 seconds to about 5 minutes.
Spin speed can be varied over the spin time 1f desired. A
person or ordinary skill in the art will recognize that addi-
tional ranges of spin speed and spin times within the explicit
ranges above are contemplated and are within the present
disclosure. Following the post deposition spin, a subsequent
rinse step can be performed, and this processing can be
repeated as selected.

Following application of an edge bead solution to remove
the edge bead, the edge of a waler can look visibly clean to
ispection as shown 1 FIG. 3 with a clean edge 134. As
described above, the edge bead rinse processes can comprise
a plurality of rinsing steps with the same and/or distinct
rinsing solutions to achieve the desired results. To fully
evaluate the removal of metal, the water can be examined
for residual metal. A suitable approach available commer-
cially for the evaluation of trace metals generally mvolves
Inductively Coupled Plasma Mass Spectrometry (ICP-MS).
For evaluation of a silicon wafer surface, a variation of this
analytical technique termed Vapor Phase Decomposition-
Inductively Coupled Plasma Mass Spectrometry (VPD-ICP-
MS) can be used. Using this technique, the residual metal
can be determined per umit area of the water surface along
the edge. For the tin based resists described 1n the example,
it 1s desirable to obtain residual tin 1n amounts of no more
than about 100x10'° atoms/cm® of wafer area, in further
embodiments no more than about 25x10'° atoms/cm~, and
in additional embodiments no more than about 10x10"°
atoms/cm” based on wafer area in the rinsed region. A person
of ordinary skill in the art will recognize that additional
ranges of residual tin within the explicit ranges above are
contemplated and are within the present disclosure.

In addition to the use of improved EBR solutions as
described above, a coating along the substrate edge or across
the whole substrate can be applied to further facilitate the
reduction of residual metal along the waler edge after an
EBR process. Such coatings are generally insoluble 1n the
photoresist coating solution and may or may not be com-
pletely or substantially removed as part of subsequent EBR
processes. Alter the coatings are applied, the resist solution
can be deposited that may or may not cover the coatings, as
described further below. In some embodiments, suitable
coatings can be a sacrificial material, such as polystyrene or
amorphous carbon, that may or may not cover the entire
substrate and may or may not be selectively removed with
the resist coating during subsequent EBR processing. If the
coating covers the entire waler, the remaining coating, such
as 1n the case of amorphous carbon, can be used as a
differentially etchable layer 1n the patterning stack. In other
embodiments, a suitable polymer coating, such as polysty-
rene, can be coated along only the periphery of a water and
can be removed at least in part in subsequent EBR process-
ing. In this case, the coating can be removed with the EBR
processing of the resist material or 1t can alternately be
removed by a separate EBR process. In other embodiments,
suitable coatings, such as a surface modifying layer or an
anti-adherence coating, can cover only the peripheral edge
of a wafer to prevent the resist solution from adhering to the
surface of the coating during resist deposition, and may or
may not be removed 1n subsequent EBR processing,

Thus, improved processing can pertain to coating the edge
surface region or entire surface of the water with a second-
ary sacrificial material prior to coating the metal-based
resist. In additional or alternative embodiments, improved
processing can comprise coating the waler edge surface
region with a surface treatment layer which prevents wetting,
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of the edge surface region with resist precursor solution.
Generally, neither a sacrificial layer nor an anti-adhesion
layer require a baking step prior to resist coating and EBR,
providing for a desirable process flow. Without wanting to
be limited by theory, 1t 1s presumed that anti-adhesion
materials and processes inhibit adhesion of metal-containing,
species to the substrate surface, thus facilitating more com-
plete removal of the photoresist with reduced metal residue
when appropriate EBR solvents or mixtures are applied.
Improved rinse solutions described herein have proven
particularly eflective at removing residual tin atoms, and
may be used as a stand-alone EBR solution, or in combi-
nation with the sacrificial or surface treatment layers
described herein. As illustrated by the materials and methods
in the Examples, residual tin levels atter an EBR process can
be reduced to acceptable levels using the methods described
herein.

The selection of compositions for a sacrificial material
can be influence by whether or not the coating covers the
entire substrate/waler of just the edge. In general, the
sacrificial material may or may not be fully removed during
the bead edge rinse as long as the presence of the sacrificial
material favors removal of metal 1ons from along the bead
edge. 1T the sacrificial layer covers the water, a sacrificial
layer may also be removable when corresponding resist 1s
removed with or without irradiation. Specifically, the sacri-
ficial material can be selected for removal using the devel-
oper for the resist. Additionally or alternatively, a sacrificial
layer such as an amorphous carbon layer or a spin-on carbon
layer can be removed during an etch step on the water/

substrate material. Spin-on-carbon material 1s available
commercially from JSR Corp. (Japan). See also, {for
example, U.S. Pat. No. 9,102,129B2 to Krishnamurthy et al.,
entitled “Spin-on Carbon Compositions for Lithographic
Processing,” incorporated herein by reference. The spin on
carbon materials can be coated using an appropriate coating
process and can be dried for example with heating. CVD
carbon layer deposition 1s described, for example, 1n pub-
lished U.S. patent application 2007/0037014 to Nagata,
entitled “Method of Forming a Protective Film and a Mag-
netic Recording Medium Having a Protective Film Formed
by the Method,” incorporated herein by reference. A sacri-
ficial coating that modifies the surface edge of the substrate
in the absence of heating or other post-processing are
described that allow for removal of tin based resists along
with the edge portion of the protective coating during an
EBR process. A specific example 1s described below using
polystyrene as an edge coating for use with the tin based
resist.

Processing to cover a substrate with a sacrificial material
over the entire substrate 1s outlined mn FIG. 4. After a
substrate 150 1s obtained, a layer of sacrificial material 1s
applied 152 over substrate 150 to form sacrificial layer 154.
Application of sacrificial layer 154 can be performed using
an appropriate coating solution as described above using
spin coating, spray coating, knife edge coating, chemical
vapor deposition (CVD), for example, for the deposition of
amorphous carbon, or other suitable coating technique, or
combinations thereof. Then, a resist precursor solution can
be deposited 156 to form a resist layer 158. Resist precursor
solutions are generally applied by spin coating, but spray
coating or other coating processes can be used. After form-
ing resist layer 158, an edge bead rinse step 160 can be
performed to form edged structure 162 with an edged
sacrificial layer 164 and an edged resist layer 166. The edge
bead rinse process 1s described further above and can be
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similarly employed in the context of the processing in FIG.
4. A top view of edged structure 162 1s shown 1n 1nsert A of
FIG. 4.

The processing to cover the substrate with a sacrificial
material can follow the procedure used to deposit a resist.
The precursor solution for the sacrificial maternial can be
deposited on a stationary waler at appropriate coverage.
Then, the water can be spun to distribute the fluid over the
waler surface. A quantity of fluid can be selected based on
the concentration, fluid properties, such as viscosity, desired
thickness of the dried sacrificial material, and other relevant
parameters with adjustment based on empirical evaluation.
Generally, the quantity of fluid can be from about 0.1 mL to
about 100 mL and 1n further embodiments from about 0.25
mlL to about 25 mL. After deposition of the fluid, to spread
the fluid the water can be spun to distribute the fluid over the
waler, 1n which the water can be spun at from 250 rpm to
10,000 rpm and in further embodiments from 430 rpm to
6000 rpm for a time from 2 s to 10 mins and in further
embodiments from 5 s to 5 mins. Spin speed can be varied
over the spin time 1f desired. To achieve desired coating, a
plurality of deposition and spin steps can be used 11 desired.
A person of ordinary skill in the art will recognize that
additional ranges of flud quantities, spin speeds and spin
times within the explicit ranges above are contemplated and
are within the present disclosure.

The use of a sacrificial layer along an edge 1s depicted
schematically in FIG. 5. After obtaining a substrate 180,
sacrificial layer coating material can be applied 182 along
the edge of substrate 180 to form edge protected structure
184 with sacrificial ring 186 on substrate 180. Application of
the sacrificial layer Coatmg material can be performed along
the edge, for example, using a bead rinse device modified to
deliver the coating material along the edge. During the
delivery of the coating material, the substrate can be spun at
a rate that 1s consistent with maintenance of at least a
significant fraction of the coating material along the edge. A
top view of edge protected structure 184 1s shown 1n insert
A of FIG. 5. Then, a resist solution can be deposited 188
over edge protected structure 184 to form resist layer 190.
Edge bead rinse process 192 then removes both sacrificial
ring 186 and the resist material along the edge to form edged
structure 194 with edged resist layer 196 on substrate 180.
The edge bead rinse process 1s described further above and
can be similarly employed 1n the context of the processing
in FIG. 5. A top view of edged structure 194 1s shown 1n
isert B of FIG. 5.

An alternative approach to provide a clean bead edge
involves applying an edge coating surface treatment that
inhibits surface build-up of resist along the edge. In particu-
lar, an edge coating composition can be applied that has a
critical surface tension that 1s below the surface tension of
the resist coating composition. The critical surface tension
(CST) 1s a property of a solid surface. Most inorganic solids,
such as a surface of a silicon water, are hard and have a
correspondingly high critical surface tension. Therefore,
most liquids wet a silicon water. Coatings can be applied
that have a lower surface tension, such as silanes or fluori-
nated compounds, as a surface treatment that functions as an
anti-adhesion coating along the wafer edge. An anti-adhe-
sion coating can be applied over the waler edge prior to
application of the resist. When the resist 1s applied, the resist
substantially does not stick along the edge. A bead edge rinse
then 1s performed following the application of the resist to
remove any minor amounts of resist that may have remained
along the edge. After the bead edge rinse, processing 1is
continued as usual. Since the edge 1s not patterned, the
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anti-adhesion coating along the edge does not need to be
removed or to be processable during patterning processes for
the wafer.

Suitable anti-adhesion compositions include, for example,
fluoronated vinyl polymers, such as polytetratluoroethylene
and copolymers thereof. The fluoropolymers may or may not
be fully fluormated, 1.e. perfluoro-polymers. Alkyl haloge-
nated silanes can also be useful to supply a lower critical
surface tension anti-adhesion surface. Suitable silanes
include, for example, alkyltrichlorosilanes, such as henei-
cosafluorododecyltrichlorosilane (CST=6-7 dynes/cm at 25°
C.), heptadecylfluorodecyltrichlorosilane (CST=12 dynes/
cm at 25° C.), octadecyltrichloro silane (CST=20-24 dynes/
cm at 25° C.). For resists with somewhat higher surface
tensions, alkyltrialkoxysilanes can also provide suilicient
anti-adhesion properties. Suitable alkyltrialkoxysilanes
include, for example, methyltrimethoxysilane (CST=22.5
dynes/cm at 25° C.), nonafluorohexyltrimethoxysilanes
(CST=23 dynes/cm at 25° C.), or mixtures thereol. An
exemplified alkyltin oxyhydroxy based resist exemplified
herein had a surface tension of about 23 dynes/cm at 25° C.
The selection of the anti-adhesion coating materials gener-
ally can be influenced by the composition of the resist, but
the coating compositions generally have a critical surface
tension at 25° C. of no more than about 350 dynes/cm, in
further embodiments no more than about 30 dynes/cm and
in further embodiments no more than about 22 dynes/cm. A
person of ordinary skill in the art will recognize that addi-
tional ranges of critical surface tension within the explicit
ranges above are contemplated and are within the present
disclosure.

The fluoropolymers can be dispensed, for example, as a
dispersion of polymer microparticles. The dispersant liquid
can be a fluormnated alkane, such as perfluorohexane, per-
fluorooctane, or the like, or mixtures thereof. The silanes can
be dispensed in a suitable solvent, such as methylene chlo-
ride, tetrahydrofuran (THF), toluene, or other suitable
organic solvents or mixtures thereof.

The application of an anti-adhesion coating along the
substrate edge 1s shown schematically in FIG. 6. After
obtaining a substrate 210, a solution of surface modifying
matenal 1s applied 212 to form edge protected structure 214
with an anti-adhesion edge coating 216 along substrate 210.
Application of surface modifying matenal to form anti-
adhesion edge coating 216 can be performed, for example,
with an edge bead rinse apparatus modified to deliver the
material under suitable conditions to allow a significant
amount of the coating material to remain on the substrate
edge. A top view of edge protected structure 214 1s shown
in 1sert A of FIG. 6. Then, resist precursor solution 1is
deposited 218 onto edge protected structure 214 to form an
edged resist layer 220. Application of resist precursor solu-
tion can be performed using spin coatmg,, spray coating or
other suitable technlque(s) A top view of the structure with
edged resist layer 220 1s shown 1n insert B of FIG. 6. An
edge bead rinse 1s then performed 222 to remove any
residual resist along the edge, and optionally also remove all
or a portion of anti-adhesion edge coating 216, to form
rinsed structure 224 with rinsed edge 226 which may or may
not include residual anti-adhesion edge coating. The edge
bead rinse 1s performed as described above. A top view of
rinsed structure 224 1s shown 1n insert C of FIG. 6.

With respect to the application of a sacrificial coating
along the water edge as outlined 1n FIG. 5 or the application
of a surface moditying composition as outlined 1n FIG. 6, the
waler generally can be spun at a low to moderate rate during,
the fluid deposition and then spun at a greater rate following
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fluid deposition. For example, the water can be spun during
fluid deposition at from 5 rpm to 500 rpm and 1n further

embodiments from 10 rpm to 250 rpm. The liquid deposition
process can be performed from 5 seconds to 5 minutes and
in further embodiments from about 15 seconds to about 3
minutes. Following liquid deposition, the water can be spun
at a rate of at least 500 rpm and 1n further embodiments from
750 rpm to 4000 rpm, and the post liquid deposition spin can
be performed for from 5 seconds to 10 minutes and 1n further
embodiments from 10 seconds to about 5 minutes. Spin
speed can be varied over the spin time 1f desired. A person
or ordinary skill in the art will recognize that additional
ranges of spin speed and spin times within the explicit
ranges above are contemplated and are within the present
disclosure. Following the post deposition spin, a subsequent
rinse step can be performed, and this processing can be
repeated as selected.

Generally, with respect to surface modification coatings
(e.g., sacrificial coatings or anti-adhesion coatings) either
along the edge or over the water surface, a coating following
drying can be in some embodiments no more than about 10
microns thick, in some embodiments no more than about 5
microns thick and in further embodiments no more than
about 1 microns thick. In additional or alternative embodi-
ments, a thinner coating can be desirable for example from
about 1 nm to about 500 nm, 1n further embodiments from
about 5 nm to about 250 nm, and 1n other embodiments from
about 7 nm to about 100 nm. A person of ordinary skill 1n
the art will recognize that additional ranges within the
explicit thickness ranges above are contemplated and are
within the present disclosure. The concentrations and wet
coating thicknesses can both be adjusted to achieve desired
thickness of the coatings.

In all embodiments, those skilled 1n the art will recognize
that the identity of the substrate 1s not limited except by
reasonable constraints recognized by those of ordinary skaill
in the art, such as a size that 1s compatible with process
equipment and suflicient mechanical strength to tolerate
processing. Suitable substrate surfaces can comprise silicon,
such as single crystalline silicon, polycrystalline silicon,
amorphous silicon, or the like, ceramics, such as silicon
oxide, titanium oxide or the like, or other suitable materials
or combinations thereof. The substrate surface may or may
not be already patterned prior to initiation of the further
patterning process of which the EBR processing is a part of
the specific patterning step.

EXAMPLES

Example 1—Selected EBR Solvents and
Carboxylic Acid Additives

e

This example demonstrates the eflectiveness of organic
solvents with carboxylic acid additives for performing eflec-
tive residue removal with tin based radiation patternable
resists.

Experiments were performed with two different radiation
patternable resists. R1 resist comprised organometallic tin
oxyvhydroxide resist with a mixture of two distinct alkyl
ligands, and R2 resist comprised a mixture of an organo-
metallic tin oxyhydroxide resist with an alkyl ligand and a
tin oxyhydroxide composition without alkyl ligands. The
resists were deposited via spin coating onto single crystal
silicon waters. Immediately following the deposition of the
resist, the waler was set to rotate at 50 rpm while 5 mL of
a rinse solution was dispensed onto the watfer so as to cover
its entire surface. Immediately after dispensing of the rinse
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solution, the waler was spun at 1500 rpm for 45 seconds
until dry. In some cases, as indicated 1n Table 1, a second
distinct rinse solution was dispensed onto the walfer subse-
quent to spin drying of the first rinse solution, and was
processed 1n an identical manner, 1.¢., dispensed onto the
waler while rotating at 50 rpm, followed by spinning at 1500
rpm for 45 seconds to dry. If appropriate, immediately after
this higher speed spin, a next volume of rinse solution was
dispensed and the procedure was repeated as above, typi-
cally 5 times, until after the higher speed spin following the
final rinse solution application. It 1s believed that the residue
removal evaluated in these tests will approximate the eflec-
tiveness of an edge bead rinse process in which only the
waler edge 1s rinsed.

Measurements ol residual metal was performed by
ChemTrace®, using Vapor Phase Decomposition-Induc-
tively Coupled Plasma-Mass Spectrometry (VPD-ICP-MS)
of the bevel edge. Results in Tables 1 and 2 were obtained
with resist R1, and results in Table 3 were obtained with
resist R2. To obtain the results 1n Table 1, a total of 5 rinse
steps were performed with 5 ml per rinse step and a drying
spin between each rinse step. In Tables 2 and 3 “nxa mL”,
such as 4x3 mL, indicate multiple rinse steps of a specified
volume with the same solution, so 4x3 mL would indicate 4
rinse steps each using 3 mL of solution. Table 4 provides a
list of solvents and additives used 1n the previous Tables. As
the results show, R2 provide a more significant challenge
with respect to desired removal of tin, but desirable results
were obtained with suitable rinse solutions. However, for
both resist, rinse solutions with additives were successiul in
reducing

TABLE 1
1- or 2- VDP-ICP
stage Result Sn
EBR (E10
Walfer strip? Strip Process Description atom/cm?)
1 n/a (Blank water for control) 9.1
2 1 Solvent 1 3600
3 1 Solvent 2 3100
4 1 Solvent 3 1400
5 2 1) Solvent 1, 2) Solvent 2 3200
6 1 Solvent 1 + Additive 1 270
7 2 1) Solvent 1, 2) Solvent 2 + Additive 1 540
8 1 Solvent 2 + Additive 1 620
9 2 1) Solvent 1, 2) Solvent 2 + Additive 2 120
10 1 Solvent 3 + Additive 3 19
11 2 1) Solvent 1, 2) Solvent 3 850
12 2 1) Solvent 1, 2) Solvent 3 + Additive 3 8.9
TABLE 2
1- or 2- VDP-ICP
stage Result Sn
EBR (E10 atom/
Wafer strip? Strip Process Description cm?)
13 1 (4 x 3 mL) Solvent 1 527
14 1 (4 x 3 mL) Solvent 2 + 24
5 wt % Additive 1
15 1 (5 x 5 mL) Solvent 2 + 8.6
5 wt % Additive 1
16 2 (5 x 5mL) 1) Solvent 1, 0.27
(4 x 5 mL) 2) Solvent 2 +
5 wt % Additive 2
17 2 (5 x 5mL) 1) Solvent 1, 9.4
(4 x 5 mL) 2) Solvent 2 +
5 wt % Additive 4
18 2 (5 x 5mL) 1) Solvent 1, 15

(4 x 5 mL) 2) Solvent 2 +



Water

19

20

21

22

03
04

25

20

27

28

29

30

31

32

33

34

Wafer

35
36
37
3%
39

40
41

42
43

45

1- or 2-
stage
EBR
strip?

1- or 2-
stage
EBR
strip?

1
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TABLE 2-continued

Strip Process Description

2 wt
(5 x
(4 x
2 wt
(5 x
(4 x
5 wt
(5 x
(4 x
2 wt

% Additive 5

5 mL) 1) Solvent 2,
5 mL) 2) Solvent 1 +
% Additive 6

5 mL) 1) Solvent 1,
5 mL) 2) Solvent 2 +
% Additive 4

5 mL) 1) Solvent 1,
5 mL) 2) Solvent 2 +
% Additive 5

(10 x 5 mL) Solvent 2 +

5 wt
(5 x
(5 x
(4 x
5 wt
(5 x
(4 x
5> wt
(5 x
5 wt
(5 x

% Additive 1

5 mL) Solvent 3

5 mL) 1) Solvent 3,
5 mL) 2) Solvent 2 +
% Additive 1

5 mL) 1) Solvent 3,
5 mL) 2) Solvent 2 +
% Additive 2

5 mL) Solvent 3 +
% Additive 1

5 mL) Solvent 2 +

2.5 wt % Additive 1 +
2.5 wt % Additive 2

(5 x

5 mL) Solvent 2 +

1.5 wt % Additive 1 +
1.5 wt % Additive 2 +
1.5 wt % Additive 6

(5 x 5 mL) Solvent 2 +
2.5 wt % Additive 1 +

2.5 wt % Additive 6

(5 x

5mL) 1) Solvent 2 +

2.5 wt % Additive 1 +

2.5
(1 x
(5 x
5wt
(5 x
1 wt
(5 x

wt % Additive 6,

5 mL) 2) Solvent 3
5 mL) Solvent 3 +
% Additive 3

5 mL) Solvent 3 +
% Additive 2

5 mL) Solvent 3 +

3.5 wt % Additive 3

(5 x
5 wt

5 mL) Solvent 3 +
% Additive 3

TABLE 3

Strip Process Description

(5 x 5 mL)

Solvent 1 +

5 wt % Additive 3

(5 x 5 mL)
(5 x 5 mL)
(5 x 5 mL)

Solvent 3
Solvent 1
Solvent 1 +

05. wt % Additive 3

(5 x 5 mL)

Solvent 4 +

5 wt % Additive 1

(5 x 5 mL)
(5 x 5 mL)

Solvent 4
Solvent 1 +

10 wt % Additive 1

Solvent 1
(5 x 5 mL)

1) Solvent 3 +

5 wt % Additive 3,

(1 x 5 mL)
Solvent 3

(5 x 5 mL)
78 wt %0 so!
10 wt % so.

2) Solvent 3

1) 1)
vent 6 +
vent 5 +

10 wt % Ad

ditive 3 +

US 10,627,719 B2

VDP-ICP
Result Sn

(E10 atom/
cm?)

0.

7.

17

18

70
12

3

8

ND

18

32

18

33

30

ND

17

22

VDP-ICP
Result Sn

(E10

atom/
cm?)

15

15000
18000
179

3200

17000
1700

21000
460

7700
35
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Wafer

46

47

48

49

50

51

52

53

54

55

56

57

5%

59

o0

01
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03

04

05

00

1- or 2-
stage
EBR
strip?
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TABLE 3-continued

Strip Process Description

2 wt % Additive 7,

(1 x 5 mL) 2) Solvent 1

(5 x5 mL) 1)

1) 78 wt % solvent 6 +

10 wt % solvent 5 +

10 wt % Additive 3 +

2 wt % Additive 7,

(1 x 5 mL) 2) Solvent 1
(5x5mL) 1)

1) 78 wt % solvent 6 +

10 wt % solvent 5 +

10 wt % Additive 3 +

2 wt % Additive 7,

(1 x 5 mL) 2) Solvent 1

(1 x 5 mL) 80 wt % Solvent 6 +
10 wt % Solvent 5 +

5 wt % Additive 3 +

5 wt % Additive 8

(1 x 5 mL) 75 wt % Solvent 6 +
10 wt % Solvent 5 +

10 wt % Additive 9 +

5 wt % Additive 3

(1 x 5 mL) 85 wt % Solvent 7 +
10 wt % Additive 9 +

5 wt % Additive 3

(1 x 5 mL) 80 wt %

Solvent 7 +

10 wt % Additive 9 +

10 wt % Additive 3

(1 x 5 mL) 95 wt % Solvent 7 +
5 wt % Additive 3

(1 x 5 mL) 85 wt % Solvent 6 +
10 wt % Solvent 5 +

5 wt % Additive 3

(1 x 5 mL) 83 wt % Solvent 6 +
10 wt % Solvent 5 +

5 wt % Additive 3 +

2 wt % Additive 7

(1 x 5 mL) 83 wt % Solvent 6 +
10 wt % Solvent 5 +

5 wt % Additive 3 +

2 wt % Additive 10

(1 x 5 mL) 88 wt % Solvent 6 +
10 wt % Solvent 5 +

2 wt % Additive 7

(1 x 5 mL) 88 wt % Solvent 6 +
10 wt % Solvent 5 +

2 wt % Additive 10

(1 x 5 mL) Solvent 8 +

0.5 wt % Additive 3

(1 x 5 mL) Solvent 8 +

1 wt % Additive 3

(1 x 5 mL) Solvent 8 +

5 wt % Additive 3

(1 x 5 mL) Solvent 8 +

10 wt % Additive 3

(1 x 5 mL) Solvent 8 +

20 wt % Additive 3

(1 x 5 mL) 85 wt % Solvent 6 +
10 wt % Solvent 5 +

5 wt % Additive 11

(1 x 5 mL) 8 wt % Solvent 6 +
10 wt % Solvent 5 +

5 wt % Additive &

(1 x 5 mL) Solvent 5 +

85 wt % Additive 9

(1 x 5 mL) 50 wt % Solvent 6 +

50 wt % Additive 9

VDP-ICP
Result Sn
(E10
atom/

cm?)

58

33

160

170

150

79

97

95

54

86

630

3200

2100

260

43

22

51

480

99

300

300
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TABLE 4
Chemaical Name: Composition

Solvent 1 70/30 by volume % PGME/

PGMEA mix
Solvent 2 Isopropyl alcohol
Solvent 3 2-heptanone
Solvent 4 n-butyl acetate
Solvent 5 water
Solvent 6 PGME
Solvent 7 propylene carbonate
Solvent ¥ 65/35 by volume % PGME/

PGMEA mix
Additive 1 Acetic acid
Additive 2 Citric acid
Additive 3 Oxalic acid
Additive 4 2-nitrophenylacetic acid
Additive 5 Dodecanoic acid
Additive 6 2-ethylhexanoic acid
Additive 7 ethylhexylphosphate
Additive 8 dihydroxyfumaric acid
Additive 9 lactic acid

Additive 10
Additive 11

Example 2—Selected |

This example demonstrates the ¢

triton-x
cyanoacetic acid

HBR Solvents and

Fluorinated Acid Additives

"y

ectiveness ol organic

solvents with fluorinated acid additives for performing

able resists.

ellective bead edge rinsing with tin based radiation pattern-

These experiments were performed using the tin based
resist R1 and resist R2 noted in Example 1. The testing was
performed as described in Example 1 with substitution of the
fluorinated additives. All of the testing 1n this example was

performed wit.

H/PGM.

mL rinses with PGM.
obtained with R1 are presented in Table 5 and with R2 1n
Table 6. The notation N 1n the table represents equivalents
per liter using standard notation. These additives were

particularly

1 one 5 mL EBR rinse stage followed by 5x5
HA solvent blend. The results

effective for the R2 resist. The solvents and

additives for this Example are presented in Table 7.

TABLE 3
VDP-ICP
Result Sn
(E10 atom/
Walfer Strip Process Description cm®)
67 88 wt % Solvent 6 + 45
9 wt % Solvent 5 +
3 wt % Additive 12
(Control-No resist)
68 Solvent & 16000
69 83 wt % Solvent 10 + 17
17 wt % Additive 13
70 74 wt % Solvent 6 + 83
17 wt % Solvent 5 +
9 wt % Additive 14
71 68 wt % Solvent 11 + 30
24 wt % Solvent 5 +
8 wt % Additive 15
72 96 wt % Solvent 6 + 13
3 wt % Solvent 5 +
1 wt % Additive 15
73 5 wt % Additive 16 + 28

95 wt % Solvent 6
with (w/) 2N
Additive 16
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Water

74

75

76

77

78

79

80

81

82

83

84

85

86
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TABLE 6

Strip Process Description

60 wt % Solvent 6 +

30 wt % Solvent 5 +

10 wt % Additive 15

60 wt % Solvent 6 +

30 wt % Solvent 5 +

10 wt % Additive 15

60 wt % Solvent 6 +

30 wt % Solvent 5 +

10 wt % Additive 15

60 wt % Solvent 6 +

30 wt % Solvent 5 +

10 wt % Additive 15

80 wt % Solvent 6 +

15 wt % Solvent 5 +

5 wt % Additive 15

80 wt % Solvent 6 w/ 1IN
Additive 17 +

15 wt % Solvent 5 +

5 wt % Additive 15

80 wt % Solvent 6 w/ 0.25N
Additive 18 +

15 wt % Solvent 5 +

5 wt % Additive 15

80 wt % Solvent 6 w/ 0.5N
Additive 18 +

15 wt % Solvent 5 +

5 wt % Additive 15

80 wt % Solvent 6 w/ 1IN
Additive 18 +

15 wt % Solvent 5 +

5 wt % Additive 15

80 wt % Solvent 6 w/ 1IN
Additive 19 +

15 wt % Solvent 5 +

5 wt % Additive 15

80 wt % Solvent 6 w/ 0.5N
Additive 16 +

15 wt % Solvent 5 +

5 wt % Additive 15

80 wt % Solvent 6 w/ 1IN
Additive 16 +

15 wt % Solvent 5 +

5 wt % Additive 15

80 wt % Solvent 6 w/ 2N
Additive 16 +

15 wt % Solvent 5 +

5 wt % Additive 15

VDP-
ICP
Result
S1
(E10
atom/

CII1

0.77

0.3

8.1

1.3

14

2.8

8.8

19

20

3.2

0.3

2.5

TABLE 7
Chemical Name: Composition

Solvent 5 water

Solvent 6 PGME

Solvent 10 PGMEA

Solvent 11 propylene glycol
Additive 12 tetramethylammonium fluoride
Additive 13 triethylamine ® 3HF
Additive 14 tetrabutylammonium ¢ HSiF,
Additive 15 hexaflourosilicic acid
Additive 16 tetrabutylammonium fluoride
Additive 17 p-toluenesulfonic acid
Additive 18 sulfuric acid (H>,S0,)
Additive 19 benzenesulfonic acid
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Example 3—Sacrificial Edge Under-Layer

This example demonstrates improved EBR processing
based on the application of a sacrificial layer across the
surface of the water.

A coating solution was applied to form sacrificial under-
layer coatings across the entire wafer. The coating solutions
comprised 5 wt % polystyrene dissolved in PGMEA and was
applied to two water with two additional waters being used
as controls. In each case, a 5 mL quantity of the coating
solution was dispensed onto a 100 mm water rotating at 50
rpm. Immediately after the end of the dispensing process,
the water was spun at 1500 rpm for 45 s. Then, a 1.5 mL
quantity of organo-tin based resist solution R2 was dis-
pensed over three walers (the two edge coated waters and
one control water) 1n a stationary position, and immediately
after the dispense of the resist solution, the respective water
was spun at 1500 rpm for 45 s.

At the end of the water spin to spread the resist solution,
the edge bead rinse (EBR) was performed as described in
Example 1 and using 5 cycles of nnsing with 5 mL of EBR
rinse solution, except for the control water without resist
where no EBR rinse was performed. The EBR rinse solu-
tions for the control water with resist but no edge coating
was 65/35 vol % PGME/PGMEA, and for the waters with
sacrificial edge coating, the EBR solvent was either PGMEA
or 2-heptanone. Measurements were performed to evaluate
tin concentrations along the edges of the 4 waters, and the
results are presented in Table 8. The edge coating signifi-
cantly improved the EBR process.

TABLE 8

VDP-ICP

Result Sn

Edge (E10 atom/
Walfer Coating EBR Solution cm?)
R7 No None 12
88 No 65/35 Vol % 12000

PGME/PGMEA

89 Yes PGME 250
90 Yes 2-heptanone 18

Example 4—Circumierential Anti-Adhesion
Coating

This example demonstrates improved EBR processing
based on the application of an anti-adhesion edge coating on
the water.

A coating solution was applied to form anti-adhesion edge
coatings. The coating solutions comprised 1 wt % poly(4,
S-difluoro-2,2-bis(trifluoro-methyl)-1,3-dioxole-co-tetra-
fluoro ethylene (FEO) dissolved in pertluorooctane (Solu-
tion 1) or 1n tetradecatluorohexane (Solution 2). Solution 1
and Solution 2 were applied to separate waters with two
additional waters being used as controls. To apply the
coating solution, a 5 mL quantity of the coating solution was
dispensed 1n an EBR apparatus along the edge of a 100 mm
waler rotating at 500 rpm. Immediately after the end of the
dispensing process, the water was spun at 1500 rpm for 45
s. Then, a 1.5 mL quantity of organo-tin based resist solution
R2 was dispensed over three walers (the two coated walers
and one control waler) 1n a stationary position, and 1imme-
diately after the dispense of the resist solution, the respective
waler was spun at 1500 rpm for 45 s.
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At the end of the water spin to spread the resist solution,
the edge bead rinse (EBR) was performed as described in
Example 1 and using 5 cycles of nnsing with 5 mL of EBR
rinse solution, except for the control wafer without resist
where no EBR rinse was performed. The EBR rinse solu-
tions for the control waler with resist but no coating was
65/35 vol % PGME/PGMEA, and for the for a first water
with sacrificial coating EBR was PGMEA, and for wafers
with an anti-adhesion edge coating the solvent used for EBR
was the same as the solvent used for depositing the coating
solution. Measurements were performed to evaluate tin
concentrations along the edges of the 4 waters, and the
results are presented 1n Table 9. The edge coating signifi-
cantly improved the EBR process.

TABLE 9
VDP-ICP
Result Sn
(E10 atom/
Walfer Edge Coating EBR Solution cm?)
91 No None 12
92 No 65/35 Vol % 12000
PGME/PGMEA
93 1% FEO 1n perfluorooctane 380
perfluorooctane
94 1% FEO 1n tetradecafluorohexane 740
tetradecafluorohexane

The embodiments above are intended to be illustrative
and not limiting. Additional embodiments are within the
claims. In addition, although the present invention has been
described with reference to particular embodiments, those
skilled 1n the art will recognize that changes can be made 1n
form and detail without departing from the spirit and scope
of the invention. Any incorporation by reference of docu-
ments above 1s limited such that no subject matter 1s
incorporated that 1s contrary to the explicit disclosure herein.
To the extent that specific structures, compositions and/or
processes are described herein with components, elements,
ingredients or other partitions, 1t 1s to be understood that the
disclosure herein covers the specific embodiments, embodi-
ments comprising the specific components, elements, ingre-
dients, other partitions or combinations thereol as well as
embodiments consisting essentially of such specific compo-
nents, ingredients or other partitions or combinations thereof
that can include additional features that do not change the
fundamental nature of the subject matter, as suggested 1n the
discussion, unless otherwise specifically indicated.

What 1s claimed 1s:

1. A method for removing edge bead on a water associated
with a resist coating comprising a tin based resist compo-
sition, the method comprising:

applying a first bead edge rinse solution along a water

edge following spin coating of the water with the tin
organometallic resist composition, wherein the edge
bead solution comprises an organic solvent and an
additive comprising a carboxylic acid, an 1norganic
fluorinated acid, a tetraalkylammonium compound, or a
mixture thereof,

wherein a residual tin measurement along the watfer edge

using VPD-ICP-MS is no more than about 50x10'°
atoms/cm”.

2. The method of claim 1 wherein the tin organometallic
resist composition comprises alkyl tin oxo/hydroxo moi-
eties.

3. The method of claim 1 wherein the first edge bead rinse
solution 1s applied 1n a quantity from about 0.5 mL to about
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20 mL along the water edge and further comprising spinning
the water after delivery of the first edge bead rinse solution
at a rate of at least about 500 rpm to obtain the residual tin
measurement.
4. The method of claam 3 wheremn the applying and
spinning steps are repeated from once to 20 times with the
first edge bead rinse solution.
5. The method of claiam 3 wheremn the applying and
spinning steps are repeated from once to 20 times with at
least one repeat of the steps using a second edge bead rinse
solution distinct from the first edge bead rinse solution.
6. The method of claim 1 wherein the solvent comprises
a glycol ether or ester thereof, an alcohol, a ketone, a liquid
cyclic carbonate, or a mixture thereof.
7. The method of claim 1 wherein the additive comprises
acetic acid, citric acid, oxalic acid, 2-nitrophenylacetic acid,
2-ethylhexanoic acid, dodecanoic acid, ascorbic acid, tar-
taric acid, glucuronic acid, benzene sulfonic acid, p-tolu-
enesulphonic acid, sulfuric acid (H,SO,), or a mixture
thereol.
8. The method of claim 1 wherein the additive comprises
hexatluorosilicic acid.
9. The method of claim 1 wherein the additive comprises
tetramethylammonium fluoride, tetrabutylammonium fluo-
ride, tetrabutylammonium fluorsilicate, or mixtures thereof.
10. A method for preparing a water for radiation based
patterning, the method comprising:
applying a protective composition to the wafer, wherein
the protective composition comprises a non-volatile
component having a dried critical surface tension at 25°
C. of no more than about 50 dynes/cm;

spin coating a metal based radiation patternable resist
composition after applying the protective composition;
and

performing edge bead rinse after spin coating the metal

based radiation sensitive resist composition through
application of an edge bead rinse solution along the
edge of the water.

11. The method of claam 10 wherein the protective
composition 1s applied along an edge of the wafer.

12. The method of claim 11 wherein the protective
composition comprises a non-volatile component having a
dried critical surface tension at 25° C. ol no more than about
30 dynes/cm.

13. The method of claim 12 wherein the nonvolatile
component comprises a fluoronated vinyl polymers or an
alkyl halogenated silane.

14. A method for preparing a water for radiation based
patterning, the method comprising:
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applying a protective composition to the water wherein
the protective composition comprises a sacrificial poly-
mer material with a dry thickness of no more than 1
micron that facilitates removal of metal along the edge;

spin coating a metal based radiation patternable resist
composition after applying the protective composition;
and

performing edge bead rinse after spin coating the metal

based radiation sensitive resist composition through
application of an edge bead rinse solution along the
edge of the waler, wherein a residual tin measurement
along the water edge using VPD-ICP-MS 1s no more
than about 100x10"° atoms/cm”.

15. The method of claim 14 wherein the sacrificial poly-
mer 1s polystyrene.

16. The method of claim 10 wherein 1s the protective
composition 1s applied in a quantity from about 0.5 mL to
about 20 mL along the wafler edge and further comprising
spinning the water after delivery of the protective compo-
sition at a rate of at least about 500 rpm.

17. The method of claim 10 wherein the edge bead rinse
solution comprises a solvent comprising a glycol ether or
ester thereof, an alcohol, a ketone, a liquid cyclic carbonate,
or a mixture thereof.

18. The method of claim 17 wherein the edge bead rinse
solution further comprises an additive comprising a carbox-
ylic acid, a sugar acid, a sulfonic acid, phosphoric acids,
sulturic acid (H,SO,), an inorganic tluoroacid, a tetraalky-
lammonium compound, or mixtures thereof.

19. The method of claim 14 wherein the protective
composition 1s applied along an edge of the wafer.

20. The method of claim 14 wherein 1s the protective
composition 1s applied 1n a quantity from about 0.5 mL to
about 20 mL along the wafler edge and further comprising
spinning the wafer after delivery of the protective compo-
sition at a rate of at least about 500 rpm.

21. The method of claim 14 wherein the edge bead rinse
solution comprises a solvent comprising a glycol ether or
ester thereof, an alcohol, a ketone, a liquid cyclic carbonate,
or a mixture thereof.

22. The method of claim 21 wherein the edge bead rinse
solution further comprises an additive comprising a carbox-
ylic acid, a sugar acid, a sulfonic acid, phosphoric acids,
sulfuric acid (H,SO,), an 1inorganic tluoroacid, a tetraalky-
lammonium compound, or mixtures thereof.

23. The method of claim 14 wherein the protective
coating has a dry thickness of no more than 1 micron.

G ex x = e
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